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lll'llOJ>UC'f lOll 
Tb• prodvcttoa of pork 1• one of tova•1 letldlna enterprl•••· la 
tbe put 12 1•ar• hoa producer• of ttala atat• have urket.ed more bop 
than tbe next two le.Sia& pot' product 1 •tat•• cabtud (2.5). Apicul• 
tural ltatf.1Uc• (25) lbow tlaat la Iowa durtna tbe year 19S7 2.s61 ,000 
•ow• farrowed 21.326,000 plp. Durtoa 1951 2.74.5,000 eova farrowed 
22.110,000 ptaa an4 e 20 percent tner• ... over tbi• fiaur• ta expected 
durtoa 1959. 
Agricultural ltat1et1c• alao record• clle fact that llo1 producer• 
aw lncreaaed tile ...-.r of plp ra1M4 J"lr Utter 1.a th• p .. t 20 ,.ara. 
In 1931 producer• rate.ct 10.9U,OOO pl• vitll 1,752.000 aowa farrowlna. 
Thi• la'V9 an aver•a• of •1• allCl tvo•teatlla pta• per litter. In 1956 tile 
n.Wlbttr ralaed per litter roae to a new btsb of ••v•o and tvo•t•ntb1 piaa 
wbic vat an lacre ... of OM pia •Ped for • .- Utter farroved. 
~1 factor• aucb u acieatifi~ ~r•edtna, envtroftllental control, ia-
roved feedtna practleee, better ••nttatloa, -.Mt leproved drup bave 
ta.lP*S to tncr• .. • tb• ft\Qll:Mar of pl1• r•l•ecl per litter. A •lantt1caqt 
proportion of tbta 1ncreaae b .. IHaen attributed directly to t11pr~ en• 
vtrou.ntal coetrol ln tlaa fora of auppl .. ntal beat ( 13). ftl• va• 
becau•• mo•t of the pl1 lo•••a occurred durl•I cold .. atlter .. a reeult 
of chilllaa, 1lcknea1, and cnaslliua by tile •ow. llevl....S (21) ••t1 .. t•• 
~t over a .S.llton ptae b.,. been lo1t each ,..ar froa cllilllna alone. 
Tb• m.Mlber of pta• rateed per lttt•~ farrowed 1• very 1.,ortant to 
Ion boa producer•, d can be Ac:nm vtt:h tlMt aid of Beady and lwu'• 
reaearcb paper (3). Table 2 of ~peodlx A l• reproducecl froa tbta paper. 
The s-esults ahwa. in tht.• tatd• wore u•ed. to 4oe-1.111ne tile cppnxi•t• 
mallkl' of pip vbtci. ••t be l'aiaed froa t•• aver•ae 11tt•r for • '""" 
ctucer to •r•l.1 ftOOYel' hi• ia.e•-.t. 
Uatoa th pro.flt pear Uicer valt.&e fr• 'table 2 of Appendix Aa dua 
reported ar-ut wlpt of 2U pouncl• ,. .. otul, IP.Ml dae nUlng pwtce ol 
16 dt>llc• , • ., l\uaited .. •'81tt. u. vu d•hat.uct tl\at ec 1•ut •l• pla• 
pel' U.tter met be rat•-.l with a ou•Uttn •Pt• for d&e produol' co 
ju•t l'ecowr Ill• love.•tme•l• Wt.th dMI pnflt per litter value foe • bo-
U.tt•i' •1•t• eel Cb.e .,.. uricat wipe ad •lUq pl'lc• appresiMt•lJ 
,,_ ,, .. pH lU:ter WU r-.ubed, 
la Mtltatoa to b6l1tn1 f.ur•ue die --. .. of pl.p rau-4 •n1• ... 
••t•1 beac ll• been ellova to be iaporC•t lra: cleonat.q a. c•• •• 
poductioa Cbrout' tacn--4 ·rat.-of •1•i• Md better fMd conar1t.on. 
04ti94al• (21) reported ll'OSI work eouduoted pr-.t-. co llae ,.. 1904 da•t 
iQU•alM ••14 k _,. s.. dae l'at:•-af·a•la of ptp b)' ooaC1'011ina a. 
ambleot ab· ~..,...... llm.1• nnlt• wen 1a1•c npo1tted ..,,. ln1aa4 
(U). 0111 (9) found tll•C pip bw:Md lo oo.1C• &el.ow ,., •• ' ............. .. 
... •ftlct.nt comJerter• of le•4 .. pt11 11.ouled in ualta .. tatalaed 4bo9ll 
45*r., Oft' u be•lM7 la_,,._. .... 
M ttoa pl'Oduc•r• l•.a eo iiat• •r• pip ,... U.Ct•• tlae p4tl'iod• of 
f.-rowf.na ad Ul'Uelea l>eoHe .,,.. u.,orcnt. AC tb.11 pnaeac tlM .., ... 
pl'olClutely 49 pe.-e•nt: of lova'• pta cro, t• tar~ betw• Nucb M4 
Hq. ad anothes U peneat fr• M&av•• ca.toup. Ootob41• (U). Wltll tit.I .. 
eOl.U:entrated period• for l•rwia9, 1.ap m.a•r• of fial.._. bop are 
llft'ketd •••*"' vttla tla• tnqu•nt f•auUt of lawl' prlc•• co die 
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pr ucar. 
A artlPb 9'owln9 tile ae.aottal price vutactoo of aood -4 claoice 
bucober laoa• fol' • 20 ,..r perf.od froa 1930 to 1950 ,. lllOlft\ 1• rtaur• 16 
of Appendix A. lt can be •••n da•t price• ue ftOnMUJ lOINtt d\ll'tna 
tM tvo pertod• of April Chrou&b May and October throup Januu7. Prlcea 
utuall1 reada a peak tu Karcb ad •aalsi to Aup•t or l•ptMber vblch are 
period• becw.e tbe 11&rkatto1 of lar .. DWll»era of eprlna and fall plaa. 
inc:• tlae llal'alo between lov and laia;h aedoul prto•• 1• ratlMlr 
wt.de. a bot producer cloe1 aot naU.ae tb• full bea.dit troa tawament• 
tf lat• boa• U'• aaruced 'llben price• are low. Yet too aan1 producer• 
are forced co ••U dudlJ& ... d.od• of lov prlc•• With their pr•••ot 
u •se•oc proP'-· Probably tbe ••t 111pOrtaat aan...-at factor eon-
tributtna to cbt• eicuatlon t• chat a.ny produce~• b... ..,.14ed cold 
weatber f arTowiq, bee•" of the blah pt1 lo•H• wlalcb uorul17 occur 
durtna cold weatbew (21). To OW1."COM tbl• c.U.fft.oultJ vbU• tacre .. f.aa 
tbe IWllber of pl .. aaved per litter and recluetna producttoa coat• aany 
producer• now u .. avppl ... at•l heat iu cold•r -.atla•~· 
ppl•••tal beat for furovtug bou••• cu M •vppll-4 by variou• 
type• of beattn1 equipment. IOllll of th• tJP•• of laeat141 ualta pre .. at• 
lJ belQ& aed _.. beat lap•. au•ftred r•U.u& t>roocl•I'•• electrlc epace 
beater•, ad electric ••ttoa cable. ..o••• of tlae eaa• of control, 
reaonable laltial coat, and effectlvett*••, tile uee of electric b•attna 
cal>l• •• l'• tdl7 ln.craaeed lo poputulty ln low• duriaa the p .. t t:lar•• 
,. ... 
Altlaouab rellal>l• d••lan crlterla .,.. uncwailable at tlae r.1eat 
t:la, t.utall•tf.on• of •l•etrlo ta..t.laa cabl•• la tu creep uea• of f_.. 
t'OW1aa LJftJ.t• ue conttnuan1 tw.tna made on Iowa f.,... Liter•tvro 
wUtn by evtbO'rltlo• la the field of •u•ll'Ometltal c0&trol ac l•*''• 
atdvett c.oll••• ad uelMreiti•• on the aubjeet of tnatalltaa •1•ot1'f.c 
tu.attn; ca&l•• •• not P•lleulut1 ••lpfu11 ea tile ~•comaenda,ttou vary 
wWe17, and &l'e 'baud al.llO•t •nt.lfflJ Oll field fl'KCloea '(10, 13, 23),. 
!bl• project wa. wa4ertmn for two reaeone1 flr•t• Me• .. of ti.. 
rq1cl tacreue lD tbe uM bJ lc:Ma Ml pt'oducer• of electric laeatt.aa cule 
abed.dad to acrete creep _. .... • ••• of coatrol Ua1 clle eswtPO• 
-t ta fanowtaa bou•••• aecoad. Moc•• of • U.111tecl .-uat of 4••ip 
data nailabte. 
tlMa objeotlw• of tlae .etudJ were to .,,eluate U. followlq; 
1. 1'IM vatt deutU.•• r-.utred to Mlntei a •1Mcified 11\ll'fac• 
tnperawr• INtcwen 70 and to•r. vtMn tbe •tent air t_,.r..,. 
tur• v .. varied froa approxitMlt•lJ 20 to 60•r. 
2. !be effect of da• ai..ettaa ca~l•• on tile lateral c..,.ratur• 
p..tl•t vs.tb ••1ou• watt deulttu aacl .-1ant c-..returea. 
l. TM latn"al la••t lo.. in tM ala for a at•• •t•t ab t4Nlper• 
eture Miid watt ..t.l'llit7. 
4. 1M beat loa .. 1 to dae arouG&l uoder tlM cable_.. .. of 
•l•ctrlcallJ beat.S cooorete floor• aa a fuaettoe of tile alab 
t..,.r•wre. 
A COKl'•C• •18 ... pound tn tb• IOtlth••t COl'MI' of •• ucb1Hl'7 
•torap ••• ta t:IMt luge •tor•ae •&Mct jutl oorda of tile Aarlc1Alttac·al 
la&11lH#ing lul4U.ag. Tiie rutft fn tile eetectlM of thi• etta vu 
daat tt v•• th• only protected ••a Mft' tb4a Aptcu1tural &n1t••h\1 
Buildtoa wlltcb h.S u eerdl llool:'. Thi• 1Mtll4lna luld • wU drataed tw-
foot ttd.ek c iodft'•over•¢l., floor wllla..,. •lJ. #'Cllted to die 1tw17. 
tbil 110' WU td.ne feet •4Ufte aH fovy- tncbel Dick. aoi:l WQ COrt• 
•truoted with c~otal ... _., ... t11,x coa.crete. Tbl:rt••n tlane•foot ten1w 
of laa•tina cable wn .u.dded et a ••Ptb ol I.VO tnnu ad three tncb•• 
oa cater• ln the dln•·f~t -.vue au at die center of the •lab. A 
cover of •t le•• tw f.nclut• wu rec0Mn4ed over da• beatt.Aa oabl•• to 
eUalnate "4tl' line ci-~u (10). Tbt• c:aatruct1on left • 4t•t•u:• of 
cbrM l••t •avr•d Pft1l'p•o.dtcularl7 fsM tbe edp• of die cable -.. eo 
the oa*•tcle of die •1•1'· To ft• tlMt bouad•f coadt.clou of dae three• 
foot aqvere heated •l"U •t cha eenter of the •1-1>1 aon•M•Cl.n& lead• wen 
co1u1ectad to the laeattaa cable met esteaied to ~· ouuid•• 
A Ce•i-•1 llectrtc lud••IMl•tlled claeSW>P1Utlc·J•tc.h4 laeatt.aa 
c•ble nual>el' 11•12314, o~le of dl1•.lpatt.q ta v&U• per Umar Coot. 
vu uM4 la tbe alab. Ill• lleutq cabl• wa coaatl'\lcted witb llQlber 19 
AWG •oU.d ntckel•cbroatwa aUQJ, vr•pped wltb )/64 of a tftdl of ubeatot 
felt wlddl la tun.,.. covered w1tll a 20 •11 dalcku•• of 0-.ral 
llfftrlc _.... 1109 vuatlhed cu•brta t..aul•tlon. !tat• ta lul'n v• ea• 
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clo•ed with • 3/'4 lach cowrlna of lead •t..•thina vb.1411 •• jacketed 
wUb 3/64 of an t.ncb of thel'Mplaatie iuulatloa. ft• 11.0llloal outaldta 
cU8Mt•r of tbe <:able wa• tllirty•flve bondre4tba of an tncb. 
'!he cabl• •p•ctaa ol. tbrff lacbea oa oenc:er• p•ntttecl a watt dnet-
t.1 of 40 watt:• pes- •ct•ar• foot. ad ••• coaetdea"acl .Sequately cloff to 
atva only a emall vctiat10t1 ln t«1P•ratur• •t tbe •urfaoe t..tween *'7 
two cablea. Ca1• (14) found that epactn .. u vi.de •• 12 iach•• coa14 
be uaed with • tmperature v•f'i•Ucm of orily on• Uid ou•balf d•ar••• at 
tbe aurface U a covering .of tlll'ff .mt one•ll•lf tadMa of coner•t• wre 
u•ed OMI' tbe cable. a.., aln, found that wUla a cowr of onl1 3/4 of an 
lncb of coacrete ao4 a •paciaa of four inc!w• the vartatioo at tb• 
1urface wu two au.d one .. balf d•P'••• farnbeU .. 
ft• r•ae of ..,tent air tqperatur•• ue..t u tbt• •tudy were bded 
on work done 1 taylor (23) at the rudue Ut\tv•r•ity. and bJ GUl (9) at 
tla• Untver•UJ ol l1Uuote. loth of th••• aourc•• rec~ud 45•r. aa 
tbe ain111IW8 allow-'l• t..,.Tature 1a a fasrowlna natt without auppl ... o• 
tal beat. !ay1or •l•o fo'1od that aupp1Menta1 h••t •• not needed above 
60•r. Therefor• • temperatur• l'DP frora 20 to to•r .. vu ••lecc.S fol' 
tla1• •tQcly. 
Na laaulated dl.-.r •1'otim tn Pf.suw• 1 vu buUt to llelp control 
8flbiect air teaaperatur•• over the •lab. The ouuid• dt.Mutou of the 
du111ber were 12 fe•t •ca.uan and four fe•t b.l.p. Tb• lutd• 4i•uiou 
were tea feet, ten aod oa. ... b•lf lacllu square and tbn• and oae .. h•lf fHt 
hf.p. tbl• couatt'UCttou u•ing J/8 incll plywood U.eta provided • •tx 
tt:tcll apac::• tn tbe ••ll• for tnwlatton, aacl A edp eupport for tbe roof 
8 
109ulatioo. Tb• outald• wall• were burted •iabt lncb•• ln tlae cinder 
floor to reduce tile traneter of heat to tbe cb-'>er bJ laductl.oa tllrouata 
tbe pper part of the ciadert. 
Th• lnaulatlon for th• •id• valla vu looe• fill ld.neral wood. TIM 
roof inhlaU.on cou111ced of tvo layer• of tbr•• ad one-half lncla tlalck 
att·type lnaulatlon. To lllllt 110iature aata to the cllallber apace the 
entlr• cb..aber vaa ancloeed witb pol1•th1l•ne platlc. A picture abow• 
tna the roof vapor barrier in place uy be •••n ln Flaur• 1. 
To ... tntain tile dealred t..,.rature ln tile lnaulated ckallber a cool• 
ta.a •J•t .. vaa uaed coaei•tlna of ten e.aporator plat••· a c01'deaatn1 
unit, and a t1Ml11109tat for teaiper&tur• control. Tla4l .. aporator plat•• 
wre one foot by "'"n teat in dl•o.alona. The•• plat•• were ••pended 
ou. foot above tb9 alab. one foot oa centera, and vttb tke flat turfacea 
V9rtlcal. ~ plate• wr• mounted ln chi• poattloa to obtain ... , ... 
capactt1, alnce air .,,,.•nt reaulted froa natural coavectlon. 
'!be co.Seoaina unlt vu a Copel ... tic model z-200. ftJ.• vu an ac• 
e•••ibl• kerMtically• .. aled unlt vtdl a rated capactty of two toe• uataa 
fr•on·12 r•trt .. rnt. Th• t1Mrmo1tat vu a aon.,..11 ..tel T41'1304XA. 
re110te•bulb type. vltll au op•ratina dtffereotial of plu1 or llinue 1/2 
of • d•ar•• r.tbrenlMalt. 
to M&aur• the te11peratur•• aod t•mp•ratur• dl•tributlon in dae 
claallber and 1o ti.. •lab ther110coupl•• were ua • 'I'll••• were conatl'\lctecl 
froa number 24 rovn -4 lbarpe aqe copper•coo.atantan vlr• vtth tMftlO• 
p1at1c lo•ulatlon. A bead type junction vu uaed in c:oaatNCtiaa tile 
tiMl'llOCoupl••· 
9 
OM of tile tHl'MCoopl•• WY• iuer ed ln hol•• ncl tn nct•p• 
lu •,.c1 1 ban to allow tb.e kad• o be pr0P4trl7 poattioMd ..S 
to facllltate boldiaa a C'OV of tbe~l•• at tile 4••tl'ed location. 
ft• bar• wr• ••t parallel .ad •~c9d •t• lnc:he• oa c•nc•r• u ebowa to 
flpr• 4. fte tlMrmcouple bead• ••teadecl 3/4 of • tnab ~ tile bar• 
to Tedvce th• po••ibtlity of tbe bar• lGflueaciaa tb• c..,.racure of tb• 
tller90C0Up l••. 
• .ctna of the tb•tllMoupl• bue •t• 1aell•• oo center• alto 
aervect aoother illpo~C•t pt.arpo••· ital• apaclq reduced tile po••lbtllty 
of • •iaatf lcant 41110UO& o beat betna aducted •loo.a &be thermcoupl• 
l•acl•. Md tlan dUat ahd to tlae atr •"- tta. a lab. a..t conduct loo 
woul aua• tlM niocoupl•• to indicate • t...-ratun lower th• the 
correct •· tbU bu ccmatructf.on vu adopted froa laker, et •\• (2). 
o.t•lou •I'• ...Se to r..,.. tlM nt•i- vapor ttaat enter.ct tu 
c"-btt. If dat• v.,or wn not teeoved lt would cond..,. ..i trMH oo 
• e\tapora r plau.. ad then •lt aen tile plate t...,.ratur•• roM 
above fr•Ul•I· To r..,_ tbia •l•Cure fro.t U. ~. tl'CMlpa were 
c:"t fl'09 • .U.t of eonugated •tal rooft:oa, -4 oae plued under e.m 
plate u •J' he ..... l ftpn 2. !be .. cantect the •l•ture co • centr•l 
troup •1 drat to a collect too patl t1ide dae c1a-.r. 
To •W41J laeat lo•M• to th• around. and tbereb7 to .. atuate the MM 
for tnaulatton nr.ler •1•ctrlca11J ~ated coacnt• floor•. a ... 11 
rect lar concrete •l•b one foot wld•• two feet lona. aad two i •• 
tblck ., .. oonetruct.ct. 'lbs.a •lab vu r•inforced with et .. 1 l'od• to 
t cracktna or break! I• A Oe•r•l llectrf.c beattaa 
'' 
10 
oabl• 1taai1n to that placed tn the 1.uger •lab vu eiabedd9d tn tllt• 
1uU •lab t.o provl.4• th• l'•e&•dred h•atto.1 capaett7. three P••••• wr• 
.ptaced four ineb•• on center. pal'•ll•l to th• tona •tcie, ad at • deptb 
of one inch .. 
'fh•r110coupl•• were placed at •t.x locatiou tn th• 1tab to detentn.e 
the equ1Ubrwa tetapecatur•• during IOU tette. !be top ad eld•• of 
th• al•b were covered vlth tnautactcm for di• teett, forctug practtcally 
alt of the h•at to lea.e ue •lab by eonduotton to tbe •oU below. 
ttnce the reat1tance ot the f Ua c•tficient• IMtweu the toil and the 
•lel». aftd the retf.•t&Qce of tile 10U to 1-••c conduction •• ao a&eb 
larger tba:n tb• re•f.•t•mt• of tbe eoacl'ete to laeat ftov th• enttre alab 
c- to th• , .. te11peratt,1'H upon reaching equtUbrlum. 
To vary the watt den1lt7 applied to tll• cable area of tlM tarp 
•lab • variable autotr•ufonaer-tw• of wlt•a• control vu uaed. Tll• 
wltaae ran• vu fna 0 to 540 volt1. An l•t•rU.u•AnP• mde1 AW 
alteroatina curnnt recording watt•t•r ••• u1u to conttouou•ty rec:o.rd 
the pove1' input to tbe 1Mattag c&blu. 
Thenaocouplea were arraaed ln 1roup1 to obtain t••r•ture1 lo. the 
al.ab, in tbe •otl und•r tbe sl.al>, dCl of the tabient atr over tb• •lab. 
The po•ittou of thete povpe and the location of the i*1t.vldual ttaer•· 
couple• can be obtain.eel frn Table .5 alld rtpre 17 of App~adtx I. la 
Table 3 of Appendf.s I ar• tbowa the tllet•eoupl• 1roup d4t•lanat.ioa1 for 
tld.• atud1. tll• qUllber of tb.er110coupl•• to ucla at'OUPt and tlM u•• Md• 
ff.pr• 1. L•r .. tneulat-4 daaber witb coodeulng uatt, autotra•forMr, 
watt-hour •t•r, and re.cording potettttOMt•r 
12 
rtpre 2. tntertol" of. iuulated cbaal:t•r ahovlo& evaporator plat•• and 
plu ... nt: of 1uul•t1oo 
1'1pre 3. Cotner c.Oll•tnctlon of lnaulated cta.-.r 
14 
rtau~• S. Clo•••up of a evitchtaa board 
16 
ftpsre 6. 1 .. 11 coaerete •lab u•ed to ••aluate beat lo•••• to taa. 
pwad 
Plaur• 7. SMU •lab wlth ioa.alatloo placed over and around the 
peri•hr. arad ebowtoa wat~t•r and ••11 eutotraaafonar 
18 
19 
of• p. 
pOlilpa of thermoooupl•• ••1anat• .. H, , o. and wr• laced 
1 the •lab to o t•f. • temperature• needecl to ttaluat.e tile l•t.el'•l 
eat lo•n•. acb aroup arranaed •• • own l rt.pr• 9 conal.at of lS 
tbermocou lee. Tb••• tbel'llOCoupl•• were read vitb 
Leed•• orthrup pot• tt~ter. 
11.\dlcattna type 
1 polnt record•r• ver• uaed to reconl t911per&tur•• l tbe 
at y. Ofte recorder aa a ra.rn pot•ntt011et•r el 153x60 ·•·31 fl 
th• otlwr vu • MS.nne.,o11• RoMywll recordu- llOdel l53x60Pl6-x• 
31 l. ft••• reco •r• *1 • facturu'• r•CM accurac7 of lv• or 
alaua 1/2 of a d•Sl"•• P re elt. 
to reduce ti• req f.red to hf.tell froa ou group of tbertlO• 
oupl•• to another fou.- tvltclaiq board• at.aUar to t • one Awn ln 
rt.,re S •r• UHd. Tb••• ft1tdl101 bou41 coui•ted of a D.Ullber of 
r •tock cllp• fut•aed to plyvoocl. 
t etrwaentatloft of tile ... 11 Slab 
1be powr tnput o tlae one• by tvo•foot l'ectan.,al• •lab ... varied 
vl • •ula~l• MttotrauforMr. and •••ured vtcll a Gea.ral Electric 
vatc.tt•s: vi b a full acale 1'•4141 of 75 watt•. Till• •C•r lied an 
ac uracy of plua or al.nu• ~-tenth• of a watc. 
re• r of d&el'llOCou l•• we~• pl~ v.rtlcall1 t tb• aoil to 
•aure teaperatun attern• and to laelp cl•t•ra1• ••ii 1la reaebed 
eq U1 d .u wit 1rou • of theM rowa w• 14ntlca1 to 
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thermocouple group o of tu larp alab waa lout.ff d1nct1y under U. 
center of tlle alah to iadtcate temperature• to a depth of 28 ladhl.a. 
14ch of tbe otlaer two rov• conetated: of 1' thenocoupl•• Ip.aced oae loch 
apart. One of theae l"Od· wa• located ouc foo& .m:d tl'le otlle:r tlll'M feet 
from the edge of the •lab measur•d perpendlcul•rly froa die cent-er of tiae 
two•foot aide o.f the •lab .. 
To obta11\ die inloraatt.cm a..4-4 to evaluate tlae objective• of ti&• 
atudy tlii-ee ••parac:e te1t• wr• cfmdw.ctu. Tk••• tea ta, wn. d••ipauel 
u follows! (l) temperature pattern• 1n the •lab and in tbe cta.dera OY6r 
th• clay ao11 uild•zr the ttab. (2) 1.ateral teaperaturu. AQd (3) tleat 
lo•••• to the groum:l. 
To evaluate th• temperatuY• p•tteraa in the •lab and ln tbe ctnd•l'• 
over the clay 9011 tb• .ablent &tr tamperature w .. beld approxtmataly 
coutant durt.n1 a.ta nn by tlM th•"*>•tat cycUna Che coftd•n•tna unit, 
vbU• tu watt den•lty vu vuted frot1 20 to 40 wattt p•r 141uar• foot ta 
f tve vatt lntenal1. The l'UU wre ..Se O'Ml' the temperature ranp of 20 
to &0•r. 
To obtain the deatred vatt 4.-oatty for each run the watt• .. triput to 
th• beattna cable in t!ae el.ab ••• varied wt.th an •totr••for9r mttll 
the recording ••ttmater tmUcabd the 4••ired power. Tia• •lab vu then 
allowed to com to eq,ut.Ubrt.Wll. w1l1ch Mallt tba' th• t._•r•tur•• in both 
tlM •lo &rad P'OUM r-.S.l'ld con•tant I.or • period of t ,,,., hou••· rre• 
ltatsauy etu41•• tcdic•t-' that till• JMtttod of tia vu uce11a1 to 
ta1ur• that fM(ulU.brlua 1'M beea re&CM4 .. 
After the •lab reachd e4uUlbrlU11 '1Ma t-..ratur•• of the five 
group• of tuemoooap.1•• U.ated .. •• c. D, l, ad X nre recorded at 
leut one• dud.q e.act& i-UA. Group 8, tnclio•ttaa .urfac• ~Tatvfft, 
dla~OtAple• 1, S, 6• 8, and 9 o! ll'O'JP A, •IMNt119 -l•at &l'C tupeca• 
tur:e• lo die ~r. a4 taa.rMcRple• 2 _. 3 of aroup 1. iadloatlng 
llMatll t...,_·rctui-••• wre recor4.eil contt.nou.1y. 
A proeedar• af.1111• to tl\at. ta "•t 1 vu followed in obtatntaa &1Mt 
data uede4 co cr.alculate the lateral lteat lo•••· After tile •l.ab H•W 
equUil>riua tb• tt..r.ocoupl•• el tile poapa 4e•lpat.S • a. C, D, H, 1, 
o, aa4 1' wra n..S wttb ID tndtcatln.a ,oteatt~•r· 'f"M condf.tlon• 
vb.tell •r• arbttrarU.1 ••l•~ed for till• ..... of the 1tvd7 wr• an •t.· 
enc air t..,_..atlll'a of 3&*r • ..cl a watt .t.natt1 of 30 watt• ,_t .acpaare 
foot. TIMM c.oadtttou pr"14ed • top aurfac• t...-ratv.re of approxiute-
lJ 80*1. • vbtcb. V&I coutdere<I A practtcal Harperatv.l'e for a CPep •••• 
to evalut• th• Med of iutiJ1.tttoa und•r eleot'l'tcallf l'leat.cl coacnte 
•lab• atudtu were eoaduce41d .,., cw diffffet1t utertab over a cl•7 1011. 
Tbe fl.cat •tucUed vu th• citMt•r• over •clay toil OIJ vb.tcb th• lepr 
ala -. poured .. 
tb• QM by WO foot 11ab ••• p1&ce4 Oft the aoU IUl'fK• ad • layel' 
of hlaak.et•type alaa't'al wool tn•ulattoa latd on th• toil fulff*Ce around 
the alab. 1'b1• tuulacloa ntended out fo'f a cU•t*'C• of H.ve f•et. 
~n all tile ruaaf.n1ns expo•ed slab eutfaeet wr• eowffd vlcb f•1' 
tn~•• ol StJTofoaa rtatd tnaul«tloa plu1 four f.Gobe• of loo,. ltll 
atu1'al wool ineulatton. 
Attar the baattoa oab1ea wen •neratud th• •l•lJ •• allowed to 
oou to equUtbrlua vttb the ll'OVn4.. lttd.llbriwa w• coutclet'ecl to l:lave 
beea t•uhe4 wlt.n th• •ix theraocoup1•• in the •1•1> ad tb4I row of 
0.raocoupl•• under 'be cata o! dle alu. vbtcll exeudu into tlM 
oi"4•n 'Ma•'Cl'I tile alu to a t.lepch of "'° foe. reutaed ac th• .... 
t~atut'• fol' a patrtocl of f tva boul"•· the ea.era input to tM elal> 
vu vaied froa • alablwl of o• watt per ... uar• foet to a .. ..._. of 
etgbt watts pe:r aquco toot. 
1b.a eecoud 10U wran.-.t atucltff -. grant O'ftC' o1•1· ror dlt• 
phaM of tlsa 1tud7 ..... u •leb vu ll'IO'ftd co • wlldtua on tile &artcul• 
nr•l £natne•r1oa fanl wbtcb 1'.t • cta7 floor. ft• b1dldlq,,.. era.cloud 
on thne atdea ecA b.S • aoudlen elq)oture. All •-=•v•tloc ftn f••t 
•4ti•• ncl •1• incbe• deep wu dua l• tb• cl•:r f 1oor aad lill.S with dry 
plt•rim ar.-.et. the ... 11 •lab vu p1•ced OQ .. •url.oe or tb .... 1 
ud intu1ate4 la cbe .... lllllUM1' u oa t11• «o4••• CMtr cl., •tudy, wtdl 
n. eaeptiol\ tllat a doubl• layt.r I.net.tad of • •ingl• layer of 1>lankat• 
e,,. !Uulattou vu ••t•nd•d out fol!' a d:tatae• of flv• feet. !Id• adcU.• 
t1oual lunlatlon vat uaed becuae th• gtavel OVft •lay •tud7 wu 
cottducted durtna • colder ••uoa of th• 10r tbaa th• etncl•r• owr clay 
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ecu4y. 
Th• •a•rl)' input to d'w alab ••• apt.a VM'in t'I'• • un-. of on• 
to a maJCf...- of •i&ht wacta per tquan foot. th• ~&tvl'• du*'lq 
both th• c1Gd•l'• over clq aad the arawl over cla7 •tmU.ea WI'• record.a 
wUh a 16-pot.nt r•corier. 
a.at lo•n• frot1 an •l•ctrlcaU1 heated area of • COGCl'•t• •lab 
either to dae pouDll or laterally in the •lab WO\ald deer• ... ctae •urface 
c..,.r•tu'f• at •1 at..-n watt d•n•ltJ, fterefo.-.. tlMt r••lt• of tlM 
pbue• of tbl• •tudy l'elat• to tile .. lo•n• vlll prec..S• tlM reault• of 
eurf ac. t..,.rature -.artatton .. • functlOll of tllbleat air t..,..rature 
and ••tt ..... ,ty. 
Beat Loue• to tile Cround: 
AU tb4t ctata und to naluat• tlae iapol'tance of l8'ulatloa ul\Cl•I' 
•l•ctrtcall1 lleatd coacr•t• floor• we.-e obta1u4 vt.tb a ... 11 teat ala 
wUll one• by two-foot di.MMt.one. 1'.'bl• •lab •• u ... witb cvo dtffenat 
.. cerlal• over a cl&J eotls one elad•r• O'ller cl., ... tbe oda•r are.el 
owr et&J. 
WIMt1' tlae t••te wr• klna conducted vttb ctnct.r• O¥er cla7 dl• 
tet1perature of tbtl air ta dMl l:Maildtna ranaect froa 75 to to•r. ~ 
tHiperatur• of die aoU aurfaee around the pert.•t•r of the alab nealMd 
between 70 and 1s•r. tn r .. poue to tJae al1' hllperatun .cit.lo.... AAJ 
lntel'ch•• of beat. d&el'efore, betvMG tU aou 9Vrf.- and tb• •11' 
••t baft taken place fr• tbe atr to tb4t •oU --..dace. Under dae coadt• 
ttoaa of tbeH te•U De ar••t•r proportion of tile laeat voulcl IMt tt'au-
at.tte4 b7 natural coaftCtlon. wbil• tlaat by redlatlon _. eoadu.ction 
would N ... u. ftuefor•• with four iD.CM• of 1uu1atiM placed •CM.lad 
tlae pert.Mtal' of the •lab tM beat trauhr froa t1M air to tlM anuad by 
cOIMlctlo•, aftlll COAHfl.at1atl7 die total IMat traufer alaould haft Men 
uglf.atble. 
!he •tudf.•• on p.-1 .,.,_" clay 10'1 wr• conducted. clud.01 a cool•r 
••ooa of dl• ,.._. tb.M wr• the •twtf.d on cl.M•r• .... _. cl.,. TM MU 
#Ut"fao• dud.q till•, ph••• ot the •tud7 •• ••tatr daa ',the •t••t ar. 
A• thU c.onctJ.ttoa va 14••1 tor ••-f•rrlaa uat I•• tire •U •rfao• 
to tile air 1>1 utural ou"M,ettoa., etptJ inolae• of bleket•typa 1MVl•tloo 
waa plMed *"'die Ml1 •rl.- ln•h.S of tour &.tldle• u tn tbe ot•r• 
ONr clay •mcl7. Tia• a.a 1 ..... f..- tit• .~ 10 .U air -1'lould ll.-
baea •11l1Dle wtdar A•M eondltl.ou. Wtda tll... l•ae .-vot• of 
J.Qtulatf.on --- - 0¥81' ... t1tb, naetlca11J au tile Mat produce4 .,, 
ct. heattna oabl•• ... eo-4uted to tu ground l• both. .ot1 •Wdtu. 
rt.pr• 8 ,._, tli• r•ault• of tlae •Mt•• on beat lo.HI to tile 
around. fte C\lf'\188 ftpnNnt tile Utt 4•utt)' reqcaind liO keep the t••C 
alab tn e4t.d.U.lt1riU11 wt.lb tile pouad • a .tuncttoa of tH alu t..,.ratue. 
Cul'YO Al• for et.oder• CMt# olaJ ad cu.rve I 1• for p_,,.1 OMI" c:J,a7. 
a.a&Hcm• of the lo.rm , • u • b •7 be Witte• for hott., WJ'\fMt fet 
CUl'W A 
q • o.n <c> • t.e1 
fol' cu"rV* I 
q • o.az (t) • 12.43 
wbe:r• 
t •th• •l•b ...,••••r• '"••an•• •••Hllett 
q • the heat lo•• '° tu gr:ouacl ta watt• per aqu&I'• foot. 
'!he•• equattoua are exact onl1 for the reaga of •lab taaperatur•• frOll 56 
to 1os•r. ad tbe •ot.1 condltf.ou encouncen.d tu tbe •tudJ. 
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Lateral Te11P4arature Ol'adleoc1 
oqtatd• tbe ptl'illeter of w eabl• ana tn the lase expert.fttal •18 
wu •tu id vttb 0. tbenoeoupl• p-ovp• d .. tpated .. I and C tn Table S 
of "1P•ndlx a. 1be l'UUlt• obtat-4 with tll•M tlaermeoupl• p-oupl ar. 
•bow ta rtaun• 19 tb"'°'ab 26 of Appeodb c. lacla Haaan npnMnta 
d•t• taken at a coucant watt d•uitJ and at ••lou.a alr t..,.racuna. 
Qarvea ·Of rtprea 19 dttoup 22 repre1ent tbe top hrf a. t..,.ratunl .. 
• function of tta. lateral dletac:e fr• tla• .... of tlae eel• ..... 
rtaur•• 23 tllroup 26 ellov tU nlatloubip of tlM telipel'•tun •t • deptla 
ot tw tQdla below tM top atrface • • fuactf.on ot dae lateral d11t•c• 
froa tlM ect.ae of tba eabl• •••· !M curvt1• of Ptaun• 19 tbroup 26 
8laov tlaac fo~ watt deuttt.•• froa 20 to 40 watt• per 1141U•• foot an4 atr 
t4111P9ratun• froa 20 to 60•r. the rate of da•• ot teclplrature decreaaee 
aa tbe dtetanee froa tba cable area lncr• .. •• and at a cltatu• of apprc:nd.• 
.. tely 18 tacta.e tbe ee.,eratur• drop bec01111 oe111gtble. 
Lateral Beat l.o•h• ta ttae llat> 
To obtain • approdutlon of Che lateral beat loa••• la tbe larp 
•lab r-avlrtMt tbat tH t..,.ratur• aradtenta around the eabl• •••be 
knova. 11ace cbe c.abl• ar•a pal't of tlMa •lab •• tbr•• fMt ••uar• aad 
the •lab i~•lf nlne feet ·~· tbe •lab •• theorettcally dlvtd4"1 tnto 
etpt .,_trlcat areaa u •howa 1 rtaur• 18 of Appeadlx 1. Al'•• 1 vu 
arbitral"UJ Mlected a a repre .. ntatl" area tor tile location of tbe 
tia.~ouple p-oupe cleet.-"41 d I, C, D, K, M, o. a&ld P in T•l• 5 of 
Appddix 1. !la... 81'0UP• were uMd to obtain -.>re loforutlon abo\tt tb• 
tellptt•ture gr&dlenta. 
'!be Te-.ult• ol:>tatud frOll •• tbltnoc ple P'OUP• wn plotte4 t 
fl•r•• 10 tllrouae. t4. lacb ftaur• npr••nta 0. leotiaenal U•• in • 
.. tlo of tb• •lab occu 1..S ·bJ ooe OI' tlON *'"°"P• of t:Mi•coupl••· Tile 
loc.Uou of the tlMttmeoupl .. l •acll .. tln wn u ..._ la Ptaure 9. 
UM clata °'tatMCI '"°" tbeH daenocovple arou,. wen UMcl ia. • 
upplq p~un co approxt.Mte tile lateral beat lo• ... fra11 tbe cable 
an• of th alab. fte daeory of Gil •daod vu dewloped by boda kert 
(7) and lc&.aetder (22) f~Oll Cotiples Varlabl• ~ for .-.aluettoa 
probl .. etacCNnt•rad 1 two dt.I01loaal laeat flow. ftl• •en.a tlaac tt • 
uat flow •1•t• wr• repre1ente4 • a tlar•• cH•n•losual one cm x, y, anct 
a coordta.to tben lb• t..-t'atur• aradtut aloaa one ul• .at be aero. 
'Ille cbao11 Nbtftd till• approacb vu that beac could not M colMluch4 
al ltoe• of eoutnt t_,.rature. hllMtd•l' allO ......... daat tlwt t.eo• 
therml and aclt.a>atlc lt.u• ••t inC.rMCt in aucll a MftQH' tbat t1Mt1 
fona curvil1Mu ..,_.. Groupout tlM aea. 
or data daeot'J to i,. a aolutely tJ:u• ~ld requlr• tbe t..,.reCul'tt 
p-adlent dt/dy to be •~ , wblre •• '• and • npr .. uc tile cHnctlcm• 
Mown ln r1aun 17 of .,,. ix I and t tbe tellperatun. t tilt• 1ttad7 
dt/dJ ta aot equal to ••ro, but to pt a .,pwo1d.Mtf.0n it c• M u---4 
that for a dl•t1DC• ol tu. iacMt• in 4f.rectlon ' on bo •lclu of each 
gt'ou of thnoeoupbl• dt/dJ t• 941ual to .. n. !be .. u•r tlMt cttataace 
to vlatcb data .. ...,ti h applied tU ... uar wtll b4t tbe enor nault• 
.... froa tbe .. ...,u . !bl• •thod l• oonau, WMl4 to calculate the 
) 
quatltJ of laeat flow ktVMA two lHthenaal •u1rfacea. ln tuob a •r•t• 
tn *'laltattc llaH ·t.nc.r .. ct a. taothenal eu"facu oreboaouuy. but 
dll• •t.hocl M)' aleo M uld co ••lnla.te beat fl• rae.1 ,,._n the 
l>ouodary Hl'f U•• _.. aoa•LIOtHl'Ml tul'fAft•• 
line• ta thi• pa. ... ot the •tudf dle leur.al Mat flow f.n tlaa •lab 
,, .. de•ired. U.. •11• •• Wilt.ct.. dw .it.a.at.le Um• tiiterffcted tla• ••~ 
fac• •M oot of pdau1 lalporcec•. !lae••ton, tilt# •Qocl wu "* to 
appro11:f.ute the l•t•r•l ... t flow ta ._ area ta wli1ela a. •~•Pl• 
poupa ve~• ~-. !be tedud.qu• •H4 WM to plot ·dae ln-tb..,..1 
H•• ft.rat, ad tile ooutruot adlo•ilc U.ua wbtdl ..._. Ol'tho&OM1 to 
I 
tbtt i1otbanul U.ne1. lNt.unal U.AM for ••la d•ana Fllt.'ffftbef.t er• 
aa.. to ftP"* lO cbl'o.p 14 .. 
CalcuUtiou of cM Mat flow Htween ut•ct-4 patr• of f.Ha.rul 
U.ue• "" ude u1t.n1 tb4t :follorit\I llodlff..S Fourier l"•h e.-ttoai 
vher• 
'.. • Ge •• t'Mn.al ~ctvlty of the OOM"4tt• ltu/br. 
If• the...._ of compl•.t• cvnilimar ..,_.. ktvnn tt.t.. patr of 
teotbenal line• ••l•ct .. 
/:¥1./Ax • ~ averaae ratto of vldtll to depda for the I eurYt11a.tar 
aqu.., 
41 • tlae di•unc• tn fe•t betwun t~l• 1roup• 
. .tt • cb• Ullperatur• 4rop betwea lutMnal Ho•• to 4ep ... 
rareaUit. 
A v•lue of 0.79 (6) w .. u..ad .. the ~.-..1 conduo&tvtc7 of the cooctete 
cd tt ••• COUld•rd co he: '" ... ,. &U P•H of • •l•b. !be IJIJ/Ax 
ra,l• ••• obtaiaed by tubs tu .._.... •alue of tlut wtddl to depth l'atlo 
for all cu curvUiaaar 1qua•• betw•n dle p•tt of 1•otbnmal Hu• uud 
la Chia c•lc~l•tloa. 
to 4eceralne .iua. pair of t.ot1Mnu1 U.ae• lllould M uled tn tbt 
cakulattoa. dM ••rap ~lb#. r•tto wq calw1at.t frw & muakr- •f pal~• 
of l•otherMl lt•• la tM: center of e.tcb ltpre. tben the two .,_, ... .t.tll 
• /:A/Ax &"atlo ••••t to u1d.t7 wn ••lacted.. 1M value• of then ratl• 
•• lhowD 1• Tab1•• I through U. of Appendtx c, 
The· follovt.111 Qal.culatioo dmou~l."&t•• bow the llodlfie4 Jwd .. ~ l'&te 
-.uatlon wu uaod to cal•l•'• the lanral beat flow tMlc.wua OM of m. 
•1•ote4 pati-• of ltotl\enal .Unet ia Cbe •••loo of ~fl• group 
•· '1'lle *""• IJlllA'le ratf.o for the twelve ourvf.ll•u •civate• cleat.pated 
•• t dttouatl 12 tn fipn 1a •• 1.01. tilt• ••lu•-. t•l•ted Sa T••t• 
10 or Ats>timll.• e. V•t.aa till• ttatto ta tlMt -41.ft..t rowi•I' rah "oatlon 
t!M . quatity of but flw Ckou&b dM •4*pl.•t• au"1U.Mu _..,_.. h• 
tween dl• two f.mtbe--.1 U•• wu 4etnsaiMd • foUoni 
d4l • (12) (0 •. 79) (1.07) (O.S) (1) • 5.01 ltu/k-. 
n. heat tlow tlaroup •Mh of dMt two 1Mompl•t• ..... _.. MW.• d&e t.vo 
itotll•nal u.-.-.. c:alcul•ted veltia a.. loUowtaa -aG•ttona 
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• "" (ks) ( /A'f,.) ( :y) (dt) 
er• Aa/Ax • • wl th to depth r•tto for Ch• lDC:Ollpl•t• a41Uan. 
'l1ae ealculati •• followat 
q' • (0.7 )(0.75)(0.S)(l) + (0.79)(0.625)(0.5)(1) • O.S3 ltu/br. 
total at f lOllt tveeo 
d + 1 • S.07 + 0.53 • S.60 ltu/hr. 
·to •tend. tbe lateral laeat flow uaratf.ty vbicb voulcl be r•pnMn• 
tatl\l'e of Che • tire .. ctlo of thel'llOCoutl• trOUP I a oalculatlon •llltl.r 
to t pr• edtna exa11pla v• ll.rl• for tbe otluar Hleot•d paf.r of 
lto._..l U.oea. !be_. ..... of tll• tvo calculated quatittu vaa u• 
to be tile lateral heat flow betvMn aa1 at&" ol l*>tlMl'IMl U •• 
ud1 therefon, dae lateral beat 1~• lo tld.1 Hett.on. 
ft.e quMtltt•• f lat•r•l IMaat f lov i tlM Hctlou t dMI •18 co • 
ta~l W the pla grou I I, C, D, 1 Ot t Wft calculated 
u1~ ch.e • od demutratecl in tu prevtou• example. '!beae re8Ult• an 
t lated tn Table 1) of penclix c. 
Tb9 calcu1a&1ou wn the aaM for all Mctiona except tll• two 
repreMnted by rtaur•• 10 and 14- Tll••• .. ctlo were located on • 
_,of er•• 1 1 rtaur• 1 of AppencU.x a, and, therefore, repn-..t• 
-4 11 alf dtat tn the 1 direction .. the otb•r tllr•• .. ctl • 
'Jhrefot•, • A1 val • t onl7 tbrM ll'lche• tn•tud of elx wu ue9d in th 
fourter equation tor detH·llinJ.na tile lateral ••t loa• throup CbeM two 
I 
eight ti•• tM ·-of tb• &Wtl'qt uac ~ ta tta. fl.w MCU.ou 
r•pr:elefttd ta fi&ul'•I 10 tbroup 14.. tJodert t1ul uf>1tl'&ri17 Hl.8Ctec.t 
condlt1oaa of dllrty watt• ptar aqu...-• foot end • datrty-•1• d•are• eabt• 
•nc atr t..,.•~""• die lateral ba•t lo•• w• fOl'tJ•two &Qd thn••tentb 
watt• .tlich ••eleven AIMl tour•C.ndl• pe,.ceat of the tot•l uat pl'oduc-4 
1>7 the cablu. 
An' t'Muction to 1-tei-al beat lo11ea vould c•• the top turf•• 
t•lll"tl'Ctl&HI to d ... for «nJ lf.Wft Watl deU.ltJ ad tb• fttl.ff cable ... 
of th• •lab to tlfPl'04Cil • .,... uotfora telilpel'&tuN. A uuifon t_,.r:a• 
tun-. •t f1'uant t:broua\\out eta beated •••of a. •lCIHll'iMatal tte. 
·It uy be ._ tn T.t>l• 1 th•• Cb• ••ell e...-racur•• of tba «table at 
Cb• cuur of the caf>IA ••• _... •t.P•r ta.an tho•• at dul tdp of ell• 
cale .... 'l'llla dllf•"oce 11& ••th c-..r•tu.n• , .......... watt 
deatlty eocl ed>teot •tr 1:..-acul'• wr• tnc1:'• ... •· Tile .u,t,.. df.f• 
fer•nce ..,.. iJ•r. alcta. oc:outted cu a. watt cl•ulty v• 40 watt• ,.r 
•tun foot and dMI Mbteot •1r ,_,..,•tun n.•r. !ta• •tu.wt 4tffer• 
._. of flw d•p•• r•r•wtt oceUl"ed vldt a ••tt -..1t;r of 20 wa•t• 
per 14uue foot ad •t•nt .tr t..,.l'atur• of J1'•r. !hf.• t..,uawn 
varutton dtA noc ext•t d th •rfac• of in e.•1• _... except. tn cM. 
outer 11• tndl •tttp adjacent to tile ~r1-ter of &he c:-'l• •••· 
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rtac• T..,eratur• 
Tbe data eurface teswperatur• vartatt01Ut V9re obtained vlt tbe 
larp •tab. Ptaur• lJ t• a faatl7 of cul'WI• abwtaa wrface tMperature 
... • functlo of ..t>l•t &11' t..,.ratur• wen tla• watt cl•n•lt7 ... • .. , .. 
froa t'V9ot7 to tort1 vatt• per •quare foot. ""- a•a.ral equattoo for 
tUH cu~a ll of tbe fog '1 • U + l>. ad the P•'ttlcular 9C1uatlo are 
u f0Uowa1 
at 40 watt.a (>4tl' aquare foot ta • 0.896(t) + 53.1 
at 3S vatu JMtr quare foot te • 0.186(t) + 48.3 
at 30 wattl per ••uar• foot t 8 • 0.886(t) + 42.8 
at 2S watt• ,-r •4tlar• foot t 1 • o.816(t) + 37.S 
at 20 watt• 1)411' -.aar• foot ta • 0.886(t) + 32.S 
t 8 • tbe aurf ae. te.llperature tn dear••• PalarealMatt 
t • the amb1eot air temparature lo dear .. • Palar•ab9lt. 
Th• curw• of Pipr• 15 and da• equatloaa r•f •rrtna to tbeM curve• 
appl7 o 17 to tbe cinder• over clay •tucly. for iuulatlon under clut dab 
or ... different aotl eoftdtttoaa edJuac.enta co tilt.a data llaJ be lllde 
vitb clM data plotted in rtaur• •. 
ror the condttt.ou •ncountered wlMn 1uulation 11 placed under tile 
cable are .. of a •lo, edjuac.nt of the data of rtaur• 15 c• be Md• 
wttb value• obt&laed froa cum A of rtaur• 8. In tlal• adjuatMnt U l• 
.. auMfl that eufftctent f.uulattoa f.• placecl under da• •l•b to .... uc• tM 
laeat lo•••• to dae around to a 11e1lt11b1• amount. A 11)41clf1c value ob• 
tataed froa cune A t.1 1ubtracted froa • apecif 1c vatt denait7 obtained 
fro. ftaure lS to lve the watt denaity r9qu1recl to .. tntaln ttae dealred 
eurfac• tamperat~r•. wt.en uatna riaur• 8 to obtain tldJu•t111tot value•, it 
tboul be r..-.re4 that tla• botcoa aurf ace t..,.rature of th •1-'> 
•hould tit• refereoc• ta.peratura. th•r•fore. to obtalD cbe correct 
ordinate value nfereoce ... t be INd• to table 6 of Appendix c, wilt.ell 
ebow• tb• bottom •ul'f&ee c...-ratur•• at varioua top aurface teaptarature• 
and watt deu1tie1. 
A9 a au.pl• of how tbeN adjuatante .., be applied, let lt be ... 
eUMCI tbat 1t ii deal red to .. tnc..t.n a a.s•r. tot.' eurface c-...rature 
wheu the .-.1ent air teMperatur• 1• 4o•r. encl tnaulation 1• to be placed 
under the ca le area of tit• •lab. l•f•r•ace l• ftr•t ..t• to Table 6 of 
Appadlx c W..n 1C i• found that for - a.s•r. top eurfac• teltperatur• .. 
105•r. bottOll aurface t_,.rature e.xlata. V•i•I tbl• latt•I' tMperatur• 
aa tile ordinate value for cum A of rt•r• 8 tt can b4a CS.tend.Md tlaat 
tbe 1aeat loe• to tlae around ia MVd and eipt•taatlla watta per -.aare 
foot. Proia rtaur• lS it .. , be dee.rained that a watt d•••1t7 of 36 
watt• per ••uar• foot i• r4t4'Ulre4 to .. tatala .. s,•,. •urface tetipera• 
tun vitb • 40•r. •t• t air ta.perature. 'l"laenfore • tile re91lred watt 
deoeltJ with f.a.aul•tion pleced uoder tlM crMp areu would be 28.2 (36 • 
7.8) vatt• P*I' •tuare foot. 
fta adju1ment for the arnel war clay aoll eacountered in tilt• 
•tud1 1• obtained by takiaa tbe cl1ffereaee between curve• A an4 I of 
Plaur• 8 at the ... alab c_,.ratur•. The .__ ot ta.ta 41u•Ut7 and dMI 
watt enelty obtataed froa rtaun 15 vUl M ck• watt deult7 ncaut.nd to 
.. 1ntain the cl••tred aurface t-.peratur• with tile atwa. aotl coadUlotaa 
and ambient air teaperature. 
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fable 1. lh••tb c..,.ra.t•r• cd one tNt•id• cute and the ceiater c.a>l• 
•t vutM&• watt 4eultl•• •ad •t.eat •tr t...-•••tuH• 
Mb tent alr lu•fae• ,!b•~~ S!IJ:!r•SYr• 
Watt denett7 tap91'•tuft t•.,eratuN 0Ut•t4• cable Cea tel' cable 
w/f.t2 .,. . ,.. ., . ., . .. . 
20 31 59 69 74 
m 44 71 '' 16 
20 '4 80 ,, f 3 
ts 34 68 ,, 86 
u 44 76 81 ., 
" SS 86 97 106 
lO 26 66 81 89 
30 40 71 91 101 
30 54 91 102 Ul 
35 2J 10 '' 102 » 40 84 '' 110 
35 51 99 110 122 
40 26 11 99 109 
40 42 91 111 122 
40 51 99 U& 131 
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DllCUSSl APPL1CA110 'ti rADOWX ll)US 
Beat to••• to the Ground 
'lbe reeu.1 • obtai eel from tlll• •Cu 1 · llaovn tn fipre •1 k 
uaed to -.aluat• follovtnae be.at 1 •••• under ~ lmrae •xperl .. atal 
•lab. at lo•••• ume1.' elactrlcallf ate4 cree ara.t u dlt7 are 
ueually c ldtruct-4 ln farrovlna bo\a .. 1, and tlMI fe .. lb11tt7 of pl.ctna 
tatulatlOA u er tlae cree are .. of electricall7 baiated floor9 . 
U... data na· ted la CUl"M A of rtpr• 8 wr• o t•lned at ._. 
tlM un.d•r dM ,_. coadttiou .. tta. data obtetMd vitll 
lap experl•fttal •lei>. TV• A, therefore,.., t. uMd co ••Clute 
t!ae beat lo ••• lrom tht• •la to tl:ae pouad vlt t •7 rrectlo • 
tbe data ba une I of flp" a •7 k uMd • a l'lide 10 ••tiuttna 
IMtat loa .. , to tlul .oU • coadltioo• are clJ.f fer t fl'Oll c1ao .. uDder 
91 th• data wn obtatud. Beat lo•••• o talaed fnaa cqrve I would 
prob.ably c:ouenatlve tor moat of cu cOD41t1oat found u•t" ere• 
..-a1 of farrowf.na UMI i IOM. "-• p .... 1 vMd l t &rftltl ov• 
clay 1tud7 vu w17 clr1. ud th• 81"4Wl ttAar farrowtoa lloua•• would 
norull1 contain a hip pill' • t•• of mi•tur• dvrtaa tlM lt.eati a ...... 
11 ett tlt.e tllerul u tl•itJ of aoU incr• ... • vUh an taft .... 1• 
mot•eur• content (16). dale eoncl1t1on would Mb tlae but lo•••• lar .. r 
than tlaoH repr ... ntad ln curve I of Pitun 8. 
a.at lo• ... voulcl •l•o rol>ably .. are•t•r bttcaue of tH larpr 
tnperatun cH.ffer•11e• wbteb •ld•t• betvMn tll• 1la'b and aotl und•r • 
f rovtna bouae fl r l c 1d watlaar. a .. ltl\er (5) fro11 bt• •tudi•• t 
tlU.not• .tlMl Alp•n (l) fr• hf.• work ln Mlaoesota aow th•t •ltll ,a coa• 
enc. floor poured • tlw pouud ad a l'OOll &Hve btaated to 1o•r. • the 
te11P•ratur• of cha eotl at a d•ptb of tw l••t vtU be 10VH daen ta. 
s&•r. toil t..,.rature preaeut durtna th11 phet• of the •tudJ. 
the •conoatc arlvl•tbtllty of u1to1 lnhlatlo:o uoder •le.otrtca11y 
heated coocret• •lab• can M d:etutal-4 fro. the data ol rs.aun 8 and 
!able 6 of A,ppaadbc c. M th• •1•1> t_,.rature a.own tn chi• ftpn 
t•pr••nt• the bott• IUi'f&ce t..,,.racur•• ••lu•1 of iilt• t..,.l'ature a 
obtaioed from Table 6 of AppenU.c C sl'lw14 k uau u di• ab•d.••• 
valu••· u an ua.p1e. let lt k auu_. t!Mlt tU top ltvt'f•• cupera• 
tu• of th• •lab IA to IM matotato.ecl at ss•r. wbeu a. .-11nt ail' 
tutpel'atur• t• at 4o•r. VUn cha•• condl.ttou dM c_,.r•tun of die 
boCCt• .urf .. of the •la 41.ncU)' below tbe cabl• aru would be appro11;• 
tuc.ly ios•r. • ftowtl tn Table 6 of Appeudtx c. Thi• taper•tun 
cU..ffann .,..twffQ the top ead t»otto. 1uefu•• vu d\l• to a peatel' 
propo~tton of ch• heat procluad bJ tb• laeaolq cabl•• beiaa concluted 
upwart i the dire t10ft of the lower the-..1 re•i•tauctt. 
U•t.01 io5•r. aa tlMt &Net.•••• a ••lue of .. ,,.. and •iaht•t•ntlaa 
vatt• per M&U•• foot l• obtalaed f l'OS Oil..,,. A • the beat lo•• to tlM 
grouad vttb clndera over •clay 80U. Ir• rta;un 15 it i• d•t•talud 
that appwoxtutely J6 w•tt• per equ•r• foot 'lf<Nld be nqQtru with cu 
1tated Mbt.at .. •l• ..... tun. n ... ••1•• ..... Ch•t of th• 26 
v••t• of heat prodocccl bJ th• heatiraa cud'>~•• ta eacb 14uae foot of tit• 
•lab _..., •••11 _. etpt•teo.._ vatte. ol:' 21.6 ,.reent of the beet, 
... lo•t to the arOWld. 
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A compad.*"' of curve• A and I of rtaur• I alaowa tlaa~ taa. beet 
lo•••• fr• • •lab pourd Oft arne1 over clq would .. snater cUA ttao.a 
for dle •lab on ctad9r• ov.r a clq to11. AlR, ti. lo•H• repreMl\ted 
in curve I u• Wlldoubt 17 le•• than dao•• dlat WO\lld be pre .. at und•r 
tlMa heated fl n of •t t'urowta1 bouHe. 'fber•fore, lt •7 be ., .. 
tu.cl tbat unde~ dM ••t favorable aoU aonditlou •r• ca.an .... fifth 
of the IMat produ'*' b1 tJM beatlq cable• l• t uffd tor the purpoae 
intended. 
~ •at vb 1• lolt to tM around under tta. Cl' .. p uea of m 
al•ctrtcallJ beated ncr•t• floor of • farrowina bouH co•t• ..-proxt· 
utel1 0.0, per •...- t t of cr•p uea ptt bu.tina Haaon. ftt• 
valwa .,.. obtai&Md froe the ruuUa of tbf.• ltudy ad wt.th tlae aid of 
lnfom1tloo obtal b7 Mcfate (11) froa etu4t•• t.u Hiuourt. It vu 
found in tlut latter •tucl7 tbat with a vatt deultf of lO wtt per ....-. 
foot aad • •lab eufac• c._.rature in tlae cl'•P au between 70 ad 
s•r., di• IMatlua c l•• •re ••ral&e<l ou t.M MMr• approxf.uc.11 30 
puceot of tba t1- dud.Al th• •nth of O'Mllber tllrwp AprU. 
Stn.ce Iw• hu a lower ever• temperature durlna tlM pertod froa 
lkr'ft=ber rovp April tllu HleaouTi adCI at.nee • •urfaca temperature of 
s•r. u nc:omeftded, it .., be &1•u.Ml tllat ill ton butiq cabl•• pro• 
vt.dtna a watt deuity of 30 watt• per -.uare foot ~1 be enerpa9d 
1omtbiq aor• cba 30 percent of tbe tt.e11. ror dd.• aoaly•l•, it wu 
uaumd &Mt tlae beattq cabl.. vere ea.rabed approxtutel7 40 perceat 
of ts... lt vu alao ...... c1 cbat tlaa ferrowlna laouM woulcl k uMd 
toi- two tlll'H·-.k period• durtq tbe aontlaa fro.a ..,,,..._r d'1.•oup -rt.1 
wbtclt t• • common practice with aae boa produtta.. VUll theP ondt• 
tlon• an4 tbae period Clle beat lost co dl• ,arouad per..-•• foot of 
creep area VO\lld b4a approxltl&t•lJ 2419 ••Ct•. 
At • •l•ctrS.cal ••ro c:o1t of IVO c•'l'lt• per ktlowett•hour vblcll 
11 about the •ffl'•P of ·tke low •tepa •f the rural eleo.trtc r•t•• la 
tova, the co•t of dl• uat lo•• to D.et srOUGd vo1t114 b•. fiw ceut• peer 
·~ foot. llan tvo•f.o_ch tbtck Styrolo• iu•latloa coat• approxl• 
aat.•1~ t0,20 per..,_.. toot. the l•v.•'*•t ta taor .- f.uulAeloa 
und•r th• c••P: _.... of. • fanow.tog bou•• CCNld b• recovered ta four to 
fl.ft,. ••• ' 
tu 11 perc•rtt of t- total uat wlll.cb-. le•t lauraUy t.n d\• 
l•P eaperl.Meat•l •tu. • • detemad v•toa ae ..,,t:u1 proceduNi coul4 
prol>•hly be Ued • • .... -.. .,.rap lat11.,•1 Ma 1oH ftrr Sova com.tt ... 
ti••· I'll• 70 1•• ._ ... _. ouetl4• c:_,.rahl'e fu -., t--. for a •la 
mon'th ,.rt.od fl'• ._...... tbTouab Aprit v• .,proxtaacely 30•r. (26). 
latid• • wll t***l•ted ftl'rowf.q IMN•• wttb t•• aw• pr ... at. da• ....,. 
,eratur• wout4 nor•Ur h 1S ·io 20•r. ll11fie• ·the the: out11d• 
~1'•tii" (1S). !M'fffore tU 36.,. ubteat •Ir t-..ratun vff4 ta 
tht1: 1tud7 t• proNh1J' J.wer th• dl• .tlYM'•P -11>1.ent air t..,.l'•ture in 
• farrovtfta hows• dul-tna th• beattaa Plt'tod. 
~ aetbod of .-eduolq tile l•t•r•1 beat lo.. frott tlut Ol'••P are• 
of • f•tt•'lll boun wu14 1te to place iatol•tlon vartic•11J ac die tdae 
of ~ oable uu •xtendina fr• th• ltotta -.Ul'faa of a. •l.t> to tile 
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top eurface. The rtaid lnaulatton vbtch ta available tor •uc an ~pll· 
catlo ta not durabl• eQO\lgb to be uaed la farrowioa hou1e1. •od• elao. 
lt haa been found in field atudtea that dab tne of cOllatl'\lCtlon 
•ot111tl,..• cau••• eanltatioft proble ... 
Hanaott (10) toua.d fl'0.9 hi• vork in llUaoi• tllat 1f f.neulation ta 
extended cloter than two tncbe• of the top eurface ub:Uoe cracu v111 
de.elop which alao creat• aanttatlon probl.... 11aeretore1 the only 
practical .. thod of redueing lateral beat lo• ... vtth preaent conatruc-
tlo material• would to •~tend th• i:n.aulatton to vlthl two lncbea of 
t to aurface. Till• conatructloo would allow at leut five perceat of 
tbe tot.tl heat to be loat lateral17. A calculatioa alailu to that for 
heat lotHa to the around 9iaow• that a period of 20 year• voul4 be needed 
to recOV4lr the tuveatiaant ln labor and tnaulatlon for aucla a con.atructlon. 
Surf ace T..,.rature 
'tta.e atudlet ualna the tar .. alab .,.r• couducted with a bare top 
•urfac•. tf tht• •lab bad beeu a creep ar•• with p:lp prennt tlae reeulta 
could have been SOlleWbat different. Urine would have at time• been 
pr•Hat. u o ay creep area, decreutna, the aurface te11perature upon 
avaporatf..011. lf • creep area 1• vell•dralued, however, tile effect of 
urine on the •lab t~rature• would be •vlt• ... 11. 
The pr•••n.c• of pla• could cau .. aaoth•r vutatlon ta •lab t..,.ra-
tiara. Wbea pla• lay on a •lab eurfac• Cheir l>odl•• aot only act aa a 
tnaulation• but ale u • beat 1ource, •inc• tile norul pt1•1 body 
te.,erature ta approxtaately to2•r. tbt• eondltlon would rai•• the 
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te.-ratu.re of the ema.U ~rceota.. of w •urface area oa which the pi.a• 
la1. Th• amount of ittcreaae to teapei-at\ln would M quite auU, how· 
ever, becauae but VOGld t .. diately k coftd"cted to tbe 0011crece tn tli• 
surroundia& areu. Stace tb• pre•eac• of plp vovld tend to lncru•• the 
t-.peracure of th• 118 and che pl"•••nce of urlue would tend to decn.,e 
tile temperature, th• net df•at ahou1.d be uaUaibl.e. 
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1. Wilen a top •"l'fac• t-.peratur• of t5•Jt. ta •iotalMcl vitb •11 
Mbtent ab teaperatur• of 40.,., 21.6 parc•at of tb• 36 watt• par ••tJar• 
foot proclueed by th 1Matia1 cable• ... loet to the around. 
2. Vlt' vatt deaetti•• of 20 to 40 watt• p•r aquar• foot tlae 
lat•ral te.p•racure Sl'adieat of a alab ta affected for a dietaoce of .,. 
proxiaatel7 18 indaea MU'Jl'ed perJMtodicular to tile caltle ar•a. 
3. Bl•wn ad f our•te11t1'• P41t'ceat of the tot•l 1'••t produce4 by 
tile la••tlna cabl•• i• lo•t laterally ln tla• alab wlaeq tb• flllbleftt air 
tMperatur• t• 36•r. and tbe watt cle · atty l• 30 watt• per a(l\&Ue foot. 
4. A vatt cleu1t1 of 30 watt• per ••ua• foot will aatntatn a top 
surface t-..ratun of ss•r. vUla a .-tent air .te.peratvre of 47•p. 
5. Witb eooup liit\llatton aad•• tb• cable u•• to nch.ae• beat 
lo•••• co th• arouftd to • ualtaibl• ..... at •• watt .... f.ty of 28. 2 
vatt• per tquar• foot vtll Mintala a top aurface t...,.ratun of as•r. 
vtdl an .-int atr tMpel'atur• of 40•r. 
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UCClllllft>4TtOD 
rarC!ovf.aa Rh••• 
1. It app.aa• that placto1 tnaulaUon uail•r electl'l.call7 beat-1 
C'l'••P ar... la .tvl•able. 
2. 1,t doe• not appe• le•tbl• to plaq wrcical tneul•tton .uouad 
tbe edpa ol tb• cn•p au wtch •• preHntlr ... uabl• rtau intulattoa • 
..,._"* tf a ut•rlal o-.i be found '11'atcb l• 4ul'8l•• econoalcal, ad 
capa1>1• of being •••l-4 et tile •lab turfaoe to prevent Mn1tetlon phb .. 
1Mt • cua v••tieal tuvlatloa WCNld be pl'actloal a wr-11 a detll'able. 
l. lU\fMttaatlou to cl•tenlu ·tlMJ ••• •••lr-'>l• 11i1rfaca ce.,.ra• 
tuP of cr"p aTeu for pt.p fl'Oll blrtb to •tx wekl old. 
2. ltudl•• to detel'flla 1f tile pl'eeeace of anlaal• e an •l•otrl• 
caU7 uaced ale would c•H •1 1tp.lff.caat varlattou ill the •url•• 
t._.raturu. 
l. Detet'Cliuctoa of keat lu••• &om. a H•td coaont• •lu to tile 
pouad t.md•• vldely dtffer•ot toil comlltt.ons. 
4. J.nve•tlaatiou of dM atm..a •tent •1~ ,_,.racun wbicb eaa 
IM allowed t.a • farrowtraa hot.a••• U ~ top nwf.u of tM Cl'Mf ••• 
IA •inta1otld at as•r., kfon tbe plp •xpe¥1•nc. olaUUq. 
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tba autl&ol' vlaM• to •Jqrn•• bi• appr•i•Uoa to Dr. teoo ebarte,. 
Aatocf.at• Pl'ofe1eor of Aarlcultural Eatt .. rlna, foi- hia luplratloa, 
pl4ana, _. •tl•latloa in tha purtuf.t of the •tud1. Apprecf.attoa 
alto 1• expreaMCI to a. 1.a'DllJ A.ltun for lai• laelphl •IP•tlOM; aD4 
acknovl..S ... nt 1• macte to th• Depue.at of Aartoultural &nP,ae•ri.•1 
md to tll• vatted ltat.. O.pac..at of qrlculbal'• for uaa of daetr 
• ulpaieot • f.aolllt14l1. 
knovled,....t i• alto Md• to ltM llectrto UttlltJ Collpaal .. of 
towa wtao.. f in.tneial aaat•tano• ..S• tlalt 1cuct1 po••lble. 
, 
,. 
tabl• 2. lnput"'1Ntpul d.•t• fu lloa uterpd.1• per 2..-U.tt'6r O't l•Utter 
.,..~ 
Pll*t vuued 
Dl•th lo•• 
Maa •&Wld 
tta• aulcete4 
f--4 requ1r~t• 
Corn 
ftotef.n 1uppl.-nt 
Ila)' .. ulvalent (p>•S.Hve) 
Atmu•l cuh exptlndlCU1'•• 
frotalo 
Power 
lquipaat uae u4 npaf.~ 
lo• ••ntce 
Ml•c•llantt~ aupp1lee 
•tu1au7 a ....ttci• 
T.ue• ad ia•t.1rance 
tut ldtna npa1r• 
Con 
Total annual •¥pell•• 
Total elq'endtture 
aecaipt:a 
Otlt•, ban••• aud •• 
4'ir.Ua fl'Ola ( 3) • page ( 1 ) • 
percent 
bw.bl 
pound 
toae 
doUu• 
doll•• 
do,ll•• 
do11an 
do11u• 
doUar• 
doll•• 
d0Uu1 
CfoU•r• 
ctoll•• 
dol1u• 
2 .. lttter .,.u. 
13.6 
0.6 
u .. o 
12 .. 0 
220 
1180 
0.1 
"·'' 9.30 
3.72 
4.00 
2.94 
13 .• 16 
4.38 
2.48 
264.00 
35),'4 
34.JO 
:n.1:s 
421.. 79 
486.00 
$64. 21 
1-Sprtaa 
lttt•r •r•t•• 
6.8 
G.3 
6.S 
"·' 
110 
520 
0.1 
21.84 
4 .. 61 
2.u 
2 .. 00 
1.47 
6.58 
l.19 
1.21 
132.00 
174.07 
23.89 
)3.75 
231. '11 
m.so 
• 61179 
-0 
0 
II 
115 
110 
~105 
>-
.....J 
a:: 
<{ 
w 
~100 
w 
(.) 
a:: 
a.. 
lJ.. 95 
0 
x 
w 
0 
z 
90 
85 
z I _J m (.) 
<{ a:: -w a: ..., 
lJ.. <{ ll.. 
~ <{ 
w >- ~ ~ > (.) >- (!) a.. 
<{ z _J :::> (.) 0 w w 
~ :::> :::> <{ (/) 0 z 0 .., ..., 
fer .... .. 
Taken from (11) 
61 
1'ul• 3.. Litt of tb•nao~te p-oUcp• u.aed ta •tudy, --..- of *t'llO• 
coupl.e• ta eMh pouJI', aacl ceapai-atu_.• •aaur.S by eaell fP'OUP 
Group 
' • 
c 
I 
0 
I 
l 
I 
H 
0 
r 
lwlber of 
tlaenaoc.oup lei 
9 
u 
1S 
u 
3 
3 
u 
12 
' 
1$ 
u 
15 
15 
Allbtent air 
14ttw•o around - •lab 
to clG4•t• directly under cable ••• 
1" cinder• not uftd•r ceble area 
t.taral (for beat 101• c•lculatlon) 
Lat•J"«l (for heat lo•• calculatlou) 
Lateral (for M•t lo•• calculatloa) 
t&terat (for be•t lo•• calaulatioft) 
rtpre 11. Co'"'$fflnate •J•te• uu4 to ebov .locatl.oaa of taeaU.aa 
oabl•• .&t111l thel'IDCOupl•• 
rtaur• 18. llpt .,...trf.cal .,... into wbteh tb• lap •l•• vu 
dlvtded for lateral heat lo•• calculatl.on 
I 
I 
I 
I 
I 
I 
I 
I 
/ 
I 
I 
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z 
I 0 8 II 
I 
I i--1 (0,0,0)- --------
2 
r----_J CAB LE 
AREA 
5 
7 
auu.r of D!•!!IS• ho!, m:J.1t.o lP i901a,. 
J!ut.tna gable • I • ; 
1 36 36 .. 12 2 
2 39 If u 
' 42 •• ft 
4 4J tt *1 
5 48 " ,, 
6 St u u 
7 54 tt " 
8 J1 ,, " 
9 60 t• " 
1.0 6J n n 
u. 66 ff n 
1a '' tt n 
13 72 , .. tt 
'' 
Table S. Ir '1• &ad I eo•ordloate• of tb• dlarmocoup1•• u1ed ln tbe 
•~l'• ad th• thenaoeouple ll'WP• ad c_,.ratur•• ••hr-4 
,.,, Heh aroup 
•• of thenocwpl• qt,atace,fto11,0Tt11-o,it\ 19!1'!!• 
.-iant atr 
ceaparat u.re 
I 
t..atewal •urf ace 
c-.ratur• 
l 
a 
3 
4 
J 
6 
7 
8 
t 
1 
I 
l 
4 
' 
' 
1 
• 
' 10 
11 
12 
x 
0 
0 
0 
0 
0 
Sit 
,54 
S4 
108 
72 
73 
74 
75 
76 
11 
78 
80 
82 
84 
88 
12 
., • 
0 14 
S4 4 
J4 10 
'4 14 
108 14 
S4 ' 
S4 8 
54 14 
0 14 
S4 4 
u n 
" H 
ft It 
,.t .. 
•t $1 
ti ... 
f f n 
ff t.t 
t t .. 
•t u 
u u 
l'abl• '· (Colltf.nued) 
110. ol l!•t~· fro• ort1tn,£ta l .... 
Ct'O'ip tll•nDCOu.ple #; , = 
B 13 96 ,. 4 
Lateral aurf ac• 14 100 .. " 
teaperatur• 
15 104 lf ft 
c l 72 54 2 
Latu al tlhlp*ratul"e 2 73 0 ll 
at cul• depth 
3 74 ff It 
• 75 n tf 
s 16 tt q 
6 11 u •• 
7 78 n tf 
a ao " ,. 
' II u .. 
10 84 (t ti 
11 88 ft 0 
12 92 tt " 
13 96 'ft u 
14 t.00 " it 
lJ 104 ft ff 
D l 72 54 0 
fAt•l"Al bot .. 2 73 " 0 
t\lrfac• t._,.rat=ure 
3 74 ff .. 
1 
Table S. (COfttt ) 
aro. of l!•tance fl'Ola OEl1t9 &n l~• 
Gr p tber.oc:oupl• x ' • 
4 7S S4 
!Ate al bottoe ' 76 n .uf • ~~•tol'• 
6 11 .. 
7 78 It 
8 10 
9 12 " 
10 84 .. ,, 
11 ... ... 
12 92 n 
13 96 0 
14 100 ., ff 
u 104 " 
I 1 36 ,, 2 
.... dl ..,.ratun 2 36 59 2 
3 54 "' 2 , 1 S4 54 0 
'f911peratun betweo 2 60 '4 0 
arouftd and eta 
3 S4 0 
a 1 54 54 .. J. 
ape1"atui-•• 2 .. -2 
f.n lndeT• 
l H ft .. 3 
T•ble S. ( tl ed) 
lo. of Rt•sance free ortat la lacb•! 
r p eur.ocoup1• x y • 
4 S4 54 ·4 
Tapet."atun• s If n ·6 
ill c tad•I'• 
6 u " • 
7 tt -10 
8 u rf ·12 
9 0 ft •16 
10 " -20 
11 " ti .. 24 
12 ·28 
• 1 54 63 •l 
i...-ratun• 2 1• ·2 
in ctnd••• 
3 -3 
4 ti •• ... 
' tt .. ·6 
6 n It •8 
1 0 " -10 
8 .. •12 
' -1 
10 " " ·20 
11 .. II ·24 
12 f1 -28 
!lo. of 
tbraoeouple 
'I 1 
Top hWf&ce l_,.l'atoN 2 
owe cable uea 
3 
4 
' 
' 
7 
8 
t 
I l 
Top •u•lace t_,.rature J °"' cabl• ar.• 
H 
1 
I 
' 
1 
2 
' 
St.GO 
51,,7S 
52.SO 
ss.u .... 
,._,, 
''·'° 
56.U 
57.0G 
•2.00 
42.15 
4J.$0 
44.25 
45.00 
45/1' 
46 • .SO 
41.U 
41.0G 
.,, 
11 ,, 
11 • 
" fl 
H' .. 
.. " 
tt *' 
'" n 
It fl 
u u 
n 0 
., • 
•• .. 
n n 
tt n 
.. .. 
•• ., 
,. n 
'lJ • 
n .. 
41 4 
Jf 2 
.. 0 
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lllhl• '· (Conttnwtd) ... of l?l•ta• , .... stat• -to e-..-. 
Gr<Mlp tlanDCOQpl• 1tl 1 • 
• 4 "11 48 4 
IAt•w-al ,..,....tu .... ' 11 
., 2 
6 )7 t1 0 
1 78 ll 4 
• 71 2 
' 78 ft 0 
lO 79 .. 4 
11 19 ~ a 
12 79 t1 0 
13 IO lt 4 
14 ao tt 2 
1, IO at 0 
• 1 76 42 • 
Lateral blllpel'&tun• 2 76 ii 2 
3 76 n 0 
4 11 " 4 
s 11 ff 2 
• 11 Et 0 
7 78 # 4 
• 71 tt 2 
' 7& n 0 
10 79 .. 4 
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T1'b1e .S,, (Coutlwed) 
lfo. of .Dl.t!SS• It!! or,1a~e !n &ncllef 
Cr<Np dlo~oupla • , s 
• 11 79 42 2 
Lat:•r•l t.,.11'•tm:e• 12 ,, u 0 
lJ 80 u 4 
14 80 ~ 2 
15 80 ~l 0 
0 1 76 36 4 
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3 76 ti 0 
4 11 ff 4 
5 1'1 " 2 
6 77 .. 0 
7 78 " 4 
8 78 ... 2 
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10 19 ,.. 4 
11 19 2 
ll 79 u 0 
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14 80 n· 2 
lS 10 it 0 
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1!a1;le 6. Top ed. hott• •r:f-. c..,...•tur•• t11f die oahl.• .... at 
vuiou• v•tt 4eultid .ad •l••l &t.r a:..,.r•t_.. 
"- .1 - ! . - • ' ... 81 ... l!!ltl!!!r• I • I I i!ii . -~ - -- I _ I -Watt flaail:J Ubtent ale" fop tul'f.- lottoa-..fue 
/)f.10F vetS•£1t2 .. ·!· .,, •p. ,_ it[f1 •: t tidilif ' r -u a • ' ' 10 lb 1 f]rif m• 
20 '" " n ! 2 20 31 63\ 16 ii J.. ,,-
20 44 71 90 I 1 
20 60 ., ,., I tJ 
" " 10 '' I c. u 4S .,, 94 I {., 
2S Jl 86 100 f L 
u 62 94 107 I 
) 
lO 30 70 11 :L I 
30 41 10 99 I CJ 
30 J1 81 lOJ I 
1 
19 117 / 
$" • •a 
'' 33 74 •• 
~1 ... + 
J5 41 86 107 .2 
I 
,, SS 97 115 I f" ,, 63 101 120 / 3. 
40 f1 11 102 :t-f-
40 u 16 Ul ~ < 
40 46 '' 117\ 
~}'... ~ ,-"' ' ~ 
I ~ 
40 S4 106 125 I 
tl 
!at>l• 7. ,..,. ... , .. ~. \Jud for 1••••1 beat tlow ca1alaltOl'l 
Tbenocoupl• 
"' - , ' ii .. !!!!no.s.oual• ,1£9!!2 I • Ii! . - •. ~ • !!!\~&cm•' 1 Q M I i bl j 0 ' • 0 .. n ' 
1. 51.2 48.1 44.2 40.4 53 .. S 
2 59.3 53.9 41.0 41.S 62.J 
s 61.0 as.a 49.1 42.6 63.0 
4 so.1 47.2 43:.4 39.t Sl.O 
' 55 .. 6 s2.1 46.li 41.S 60.D 
6 51.8 ''·' 48 .. 2 42.2 1.s 
1 49 .• 1 4S.a 43.0 ••• 48.S 
8 s2.1 49.4 44.7 40.8 s1.o 
' 54.9 si.a 47.l 42.0 "·' 
10 46.6 44.S 42..4 J9.0 47.0 
11 :50,.S 47.8 43 .. 8 40.6 ''·' 
12 52.1 S0.4 41.6 41.5 57.$ 
u 4S.3 43.6 41.2 39.2 4$.0 
14 49.1 46.2 42.6 39.7 54.5 
1J 51.0 48.8 "·' 41.t $5.5 
.arhe,.eoupl• looattou eon-e•poaclin.1 to DUllbert •• ehovn la 
rtpn '· 
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fehl• 8. lllmeut.oa• A1td 1-/llt/IC l"dlo of 4v"1ltnear ..... 1•22 of 
r1aur• 10 
...... Aftt"•P ...... ..... Awt'•• .......... 
•• 611 • Aa/t;A •• "" Ax alAJJ. f.ndt taa lcack tach 
1• o.u 0.31 o.aoo 12• o .. 40 o.40 1.000 
1 0.'6 0.41 1.332 ll 0.57 o.JS 1.03S 
z o • .s3 0.42 1.260 lJ o.60 0 • .19 1.011 
3 o .. so 0.41 l.220 14 o.sa 0.60 0.968 
4 o.sJ 0.41 1.210 lJ 0.64 Q.62 l.030 
' o.4J 0.43 1.140 16 o.,, 0.66 o.aso 
' o • .ss 0.49 1.120 17 0.61 0.69 0.91.S 
1 0.66 o.ss 1.200 18 0.78 0 •. 11 l.028 
8 o .. 1s 0.62 l.210 19 0.90 0.87 1.034 
9 0.94 o.n. 1.J25 20 1.00 o.t1 1.030 
lO o.ta o .. ao 1.213 ll 1.10 1.07 1.830 
n 1.02 o.a1 t.173 22 1.17 1.1s l.020 
221 0.10 0 .. 90 0.889 
Averap /:JtdAx ratlot t.227 1.003 
93 
t.01• t. Dl•o•ion• and D/l./lr/lf. ratio of eutvllla.a 141uar•• 1 .. 24 ot 
rt•r• 11 
8.,a•r• Aver•P Aver.ap Sfluare A•Y• .. Aftl'ap 
no. Ae l$Jf. Az/Ax no. /Jll. /sl1. IJll/A'a 
iacll lacb loch loch 
i• o.42 o.so 0.840 u• O.H o.sa 0.164 
.l 0.60 O.SJ l.090 13 0.61 0.61 1.000 
2 0.6S 0.65 l.000 14 0.69 0.65 l.060 
) 0.63 0.64 0.98S u 0.68 0.67 1.01.S 
4 0.10 0.65 l.07S 16 0.73 0.65 1.120 
' 0.64 0.63 l.OU 17 0.11 0.65 1.090 
6 0.10 0.65 l.075 18 0.7) 0.66 1 .. 105 
1 0.75 0.66 J..ll5 19 0.78 0.67 1.165 
• 0.82 0.67 1.220 20 o.as 0.10 l.215 
9 0.83 0.69 1. 200 21 o.at 0 .. 76 1.110 
10 0.93 0.70 1.285 22 0.91 0.8.5 l.140 
u 0.96 0.7S 1.280 23 0.01 0.96 1.020 
12 0.8S 0.83 1.030 24 0.91 1.09 o.au 
u• O.lO 0.86 O. l.50 24' 0.70 1. 21. O.S78 
Avel'•P /l/14/Aw ratio 1.116 t.078 
94 
table 10. Dl..ui ne aoct fjJt./Afl. ratio of cunt.U•u •caual'•• 1·24 of 
rtaur• 12 
••r• Aver•ae Aw rap S.v•r• ......... A'"r•• 
no. bl& AX Mil»< no. All Ax f#,//),11. 
tncm 1 b lneh inch 
13• 0.40 .64 0.625 1' 0.30 0.66 0.455 
13 0.1• 0.65 1.200 l 0 . 10 0.67 l.044 
14 0.73 0. 63 1.160 2 0.77 0.64 1.202 
1S o. o. 1 1.442 , 0.72 o.se 1.~1 
16 0.8 0.67 1.329 • 0.79 0.$4 1.463 
17 0.7J 0.73 1.000 ' 0.70 O.S6 1.uo 
19 o.73 0.76 0.960 ' 0 . 71 0.60 1.112 
19 0.71 0.80 0 . 888 7 0.69 0.66 1.044 
20 0.81 0.8) o.t76 8 0.11 0. 74 1.053 
21 0.12 0.87 0.94 t o.&1 0.11 1.000 
22 0.91 o. 2 0.989 10 0.87 o.a1 1.04, 
u 0.9 0.97 0.999 11 0.94 0.94 1.000 
24 1.00 1.04 0.9 2 12 . o.t 0.99 0.980 
24• t.ao 1.10 1.000 12• 1.00 1.00 1.000 
Awr.,. A;t/A"lt ratio 1.01 1.12 
95 
Ta le 11.. Dimlln•tons and Aa//:JIA ratio of curvtltn•ar 1qu .... • 1•14 of 
Pipl'• lS 
qua. Averaae A'Mrap Square Averqt1 A-nrap 
no. lJ#. Ax As/AX no. Aft, All. IJl,/Ax 
lncla indl iacb lacb 
1• 0.20 0.93 0.421 a• 0.40 0 .9.S 0.215 
1 o. ' 1. 21 0.703 8 1.14 1. 21 0 .943 
2 0.99 1,0 o. 34 9 1.14 1.18 0.966 
) 1. 27 1.00 1.270 10 1.3' t. 20 1.125 
4 ' 1.34 1.01 1.32 11 1 •. 33 1.2 1.055 
' 1.28 1.03 1.242 12 1.21 t.33 0.964 
6 1.42 1.06 1.340 13 1.41 1.39 1.014 
1 1.39 1.10 1.264 14 1.)9 1.45 0.960 
Awrap AYJ/i»c ratloi 1.154 1.004 
96 
fable 12. Di•utou ad IJA/Aw. ratio of ourvUtsuull' -.uana 1•6 of 
Flpr• 14 
Squat'• Averaae Average Square A•rage A.wrap 
no. All /»I, /Jlt.I~ DO. At. Ax l!!tll I /i!A. 
todl f.adl iacll tach 
1• o .. ss 1.84 o.ns 4• 1.45 2.00 0.113 
1 2 .. 03 l.'8 1.ms 4 2.'8 2.47 0.964 
2 2.32 2.66 0.173 ' 2.49 2.40 1.038 
3 2.86 1.74 1 .. 043 6 2.81 J.44 l.150 ,. 1.80 l.97 0 .. 91' 
1.051 
97 
T•b1• 13. The lateral beat f lov bear.en cwo patr• of i•otberiaal line• 
f.n •acb thH1.10coupl• ••ctlon, cu averap heat flow between 
th• Laotherul U.ua of Heb ••cU.on, and th• .,,. ..... total 
beat !low t.n all f tw .. cttou 
leotion 
1 
H 
0 
J> 
A'Vft'•I* 
Cuniliaeair 
8q'1tr•• uaed 
in calculacton 
1•11 
12•22 
1·12 
13·24 
i .. 12 
U•24 
1·7 
8•14 
l-3 
4•6 
a.at flow :tMttweeu 
l•otlle111a1 lln•• 
eulntaa cwrvf.• 
U.oe•r •11'1••• 
acu/l\r .. 
2tl2 
2.56 
.5.76 
S .. 67 
J.61 
5 .. 67 
3.26 
3.30 
0.67 
o •. 73 
total beat flow tn •11 f1ve ••cttona: 
•• t&e•t flow 1"lw.en 
the two pait>• of 
taothenal ltou 
ltu/b'f. 
2.69 
s .. 12 
S.64 
3.28 
0.70 
l&.03 
